Abstract: This study presents the results of radiometric K-Ar measurements on separated amphiboles from the andesite of the Dubie complex dyke. The data obtained cover the period of (291.3 ± 6.4) Ma, which corresponds to Carboniferous-Permian transition. The age is contemporaneous to the rhyodacitic and basaltoid volcanism of the Kraków region.
INTRODUCTION
At the north-eastern border of the Upper Silesian Coal Basin, magmatic rocks occur along Myszków-ZawiercieKraków zone which is a part of the major, transcontinental, Hamburg-Kraków fault zone (HKFZ) (Żaba, 2000 ; Fig. 1 ). In this zone, late Palaeozoic magmatism (Jarmołowicz-Szulc, 1984 and 1985; Harańczyk, 1989; Podemski, 2001 ) comprises large granodiorite intrusions, rhyodacite laccoliths and domes, basaltoid lava extrusions with associated pyroclastic rocks, and small dykes and sills of diabases, andesites, dacites, rhyodacites, rhyolites and minor lamprophyres (Muszyński, 1995 and works cited therein; Czerny and Muszyński, 1997; Lewandowska and Rospondek, 2003) .
Among the minor intrusions an example of intermediate rocks is present: an andesite from a complex dyke outcropping in the Dubie quarry located near Krzeszowice, about 20 km north-west of Kraków (Fig. 1) . The andesitic dyke cuts through Devonian (Givetian) dolomites of the Dębnik brachyanticline. The brachyanticline owes its form to the rhyodacite laccolith, which uplifted and metamorphosed Devonian and early Carboniferous carbonate rocks (Bogacz, 1980; Lewandowska, 1991) .
The dyke is up to 3 m wide and can be traced along a distance of about 500 m in the Dubie quarry (Fig. 2) . Clear zonation, perpendicular to its walls, suggests that the magma passage opened several times. The black andesite builds the central part, while grey-green dacite forms the outer part (Harańczyk and Wala, 1989; Muszyński and Pieczka, 1992) . Several centimetres of argilitic rocks are encountered at the interface with the wall rocks, presumably being products of hydrothermal alternation of the volcanic rock (Harańczyk and Chłopecka, 1989) . The black andesite is thought to mark the initial stage of the passage opening (Harańczyk, 1982; Harańczyk and Wala, 1989) . This variety of andesite reaches about 0.5 m of width. Geochemically, rocks of the dyke were classified as calc-alkaline andesites and dacites (Muszyński and Pieczka, 1992; Muszyński, 1995, Czerny and Muszyński, 1997) using the classification of Peccarillo and Taylor (1976) .
The early Permian age of volcanism of the Kraków area was determined based on the superposition of the volcanic rocks in relation to the palaeontologically dated Karniowice travertine (Lipiarski, 1970) . A few geochronological studies of felsic volcanic and plutonic rocks of the region point to the transition between Carboniferous and Permian (Skowroński, 1974; Harańczyk, 1989) . In addition, the paleomagnetic data on rhyodacites from Zalas confirm the early Permian age of the felsic rocks (Nawrocki et al., 2005) . However, the age of intermediate volcanics has not been determined so far.
This study presents the first dating of andesites of the Kraków region and aims to shed light on chronological constrains of volcanic events.
METHODOLOGY
Representative samples were collected from different zones of the dyke in Dubie quarry. For detailed studies the samples from the inner andesitic part of a dyke were selected. Unfortunately, the exploitation progress in the Dubie quarry led to the consumption of a huge part of a dyke in 2005 year, most of contemporary collected samples carry the signs of alteration. Therefore for K-Ar studies the unique sample DW38, from the Jagiellonian University museum collection was chosen. This sample was collected in 70's by A. Wala.
A Nikon Eclipse E600 POL polarising microscope quipped with cathodoluminescence and LUCIA Measurement software for image analyses were used for petrographical observations. Mineralogical investigations were based on the X-ray diffraction analysis using an APD Philips diffractometer with CuK α radiation over an angular range of 4-64 o 2Θ with X'Pert Philips analytical software. A field-emission scanning electron microscope HITACHI SEM S-4700 coupled with an energy depressive spectrometer (EDS) with a NORAN VANTAGE analytical system and a back-scattered electron image detector were used for chemical composition analyses of separated crystals.
Amphiboles separation.
The sample of black andesite was crushed by hammering, pulverized in a mortar and sieved. Clay minerals were removed by multiple water washing; this procedure was followed by carbonate removal in acetate acetic buffer. Amphiboles were separated from the fraction below 500 µm. The residual heavy minerals were separated in heavy liquid (ρ=3g/cm 3 ). The light fraction consisted mainly of feldspars and quartz. The heavy fraction was additionally subdivided into three groups using a neodymium magnet. The first group of ferromagnetic minerals was attracted by the magnet from a distance of about 0.8 mm (these were mainly iron-titanium oxides). The second group was attracted by the magnet in the direct contact and these were mainly amphiboles subsequently used in the age determination. The remnant third group of grains consisted of agglomerates of amphiboles, Fe-Ti oxides and plagioclases.
K-Ar age determination.
The monomineral amphibole sample was split into two aliquots: a 100 mg one for potassium determination and 150 mg one for argon analysis. The 100 mg sample was diluted in a mixture of HF and H 2 SO 4 . The solution was evaporated in a steam bath and once more diluted in HCl (1:1). The potassium content was determined with the use of a spectrophotometer Sherwood 420. During the measurements international standard "Cordobamuscovite" was used to test the procedure. The analytical error was 0.02 % K 2 O.
The isotopic composition of Ar was determined by the extraction method (details in Bonhomme et al., 1975) using an MS20 mass spectrometer. The sample was fused in a Ti-Ta crucible by resistance heating (Durakiewicz, 1995) and the released gas was purified on Ti and Zr-Al getters (Fig. 3) . The analytical precision was periodically controlled by the measurements of the radiogenic 40 Ar content of the international standard GLO. The mean content of six determinations made previously and during the analysis was (24.99 ± 0.48 (2δ)) x 10 -6 cm 3 /g STP being well in the range of the accepted values: (24.85 ± 0.50) (Odin et al., 1982) . The overall precision of the K-Ar age determinations which were calculated using the decay constant recommended by Steiger and Jaeger (1977) was better than ±2 %.
RESULTS
The Dubie andesite is a porphyritic rock with light plagioclase and black amphibole phenocrysts set in aphanitic black groundmass. The phenocrysts assemblage, apart of plagioclase and amphibole crystals consists of Kozłowski, 1955 and Łaptaś, 1982) ; HKFZ Hamburg-Kraków fault zone.
Fig. 2. The andesitic dyke in Dubie quarry in 2004 (exploitation level is 340 m above sea level).
rare biotite flakes. The idiomorphic and hypidiomorphic plagioclase phenocrysts are abundant and have about 5-8 mm in size, sporadically reaching 2 cm. In plagioclases concentric reverse zoning (labrador -An 50 to 70 %) and polysynthetic twinning are common (Fig. 4) . Amphibole phenocrysts are represented by idiomorphic prisms up to 0.5 mm in size, they show olive to brown pleochroism and are surrounded by fine opacite reaction rims (Figs 5 and 6) . The idiomorphic form of amphibole crystals and lack of other than Fe-Ti oxides inclusions indicate that amphiboles were among the first crystallising phases in the Dubie andesite. The rare biotite flakes reach 5 mm in size. The aphanitic matrix is composed of euhedral plagioclase laths (andesine An 35 -50 %), intergrown in an irregular fashion to form felty texture and volcanic glass altered to clay minerals. Accessory minerals assemblage consists of opaque minerals, represented mainly by iron-titanium oxides and apatite needles.
The (Hawthorne and Oberti, 2006) . This identification is in agreement with the X-ray diffraction pattern (Table 1) , where the amphibole main reflexes are like those of the reference magnesiohornblende (JCPDS21-0149) and slightly diverge from those of ferro-tschermakite (JCPDS43-0665). This determination is also consistent with the previous identification of amphibole as magnesio-hornblende (Muszyński and Pieczka, 1992) . Although potassium content in amphibole is minor, ca. 0.44 wt.% K 2 O ( Table 2) , its presence allowed the K-Ar age determination. The K 2 O content 0.44 wt. % and 40 Ar* content 50.1 % correspond to the closing age of amphiboles (291.3 ± 6.4) Ma ( Table 2) .
DISCUSSION
The K-Ar amphibole age of (291.3 ± 6.4) Ma of the Dubie andesite, obtained in this study indicates that it is contemporaneous to the other volcanic activities in the Kraków region. Dating of the felsic volcanism of the nearby Myszków area, based on K-Ar biotite and the whole rock analyses (Jarmołowicz-Szulc, 1984 and 1985) gave (301 ± 29) Ma. In the range of the analytical error, it fits the Zalas rhyodacite age of 295 Ma (tracks in biotite) (Skowroński, 1974) . The singular Ar-Ar date of basaltic rocks from the region was 305 Ma and concerned the biotite age from the Myszków diabase (Podemski, 2001) . Although limited precision of the K-Ar method does not allow to assign the time of andesite formation in chronological order with respect to other rhyodacitoid or basaltoid volcanism of the region, the field observations show that the rhyodacitic laccolith, which formed the Dębnik brachyanticline, had intruded and solidified before the Dubie andesitic dyke formation. This was deduced from the composition of the volcanic breccia uplifted by andesitic magma, which contained rhyodacite fragments in the grain framework (Harańczyk, 1982 and 1989; Harańczyk and Wala, 1989) .
The almost contemporaneous time of andesitic, rhyodacitic and basaltoid volcanism in the Kraków region is concordant with the observations of contemporary volcanic environments, which show that one volcano can produce magmas from basic to acid compositions within short periods (e.g. Sigurdsson and Sparks, 1981) .
The volcanic rocks of the Kraków region carry signs of later, post magmatic alteration processes like K-metasomatosis and feldspatization described from the Zalas rhyodacite (Słaby, 2000; Nawrocki et al., 2005) . The mineralogical evidences show that the Dubie complex dyke formation was followed by hydrothermal activity, which resulted in alteration of the dyke rocks and clay minerals formation (Harańczyk and Chłopecka, 1989) . Planned K-Ar age measurements on illites from the outer zones of the dyke will probably clarify the timing of postmagmatic processes.
CONCLUSION
The K-Ar dating of amphiboles separated from the andesite from the Dubie complex dyke (291.3 ± 6.4) Ma corresponds to Carboniferous-Permian transition. It is contemporaneous to the other Variscan volcanic activity of the Kraków region. 
